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Abstract 
A common problem in many schools is that they do not have the necessary equipment in their science laboratories. 
This is often due to space and a limited budget for maintenance and equipment. Within a constructivists learning 
model with a multi perspective approach it is necessary for students to have an environment where they can perform 
scientific and technological experiments. Working in a science lab creates an interactive experience that encourages 
development and provides practical knowledge. Some cognitive processes arise through interaction; these play an 
important role in semantic construction. Usability within a platform refers to the interaction between the software 
and the users. This means the software will be easy to learn and navigate, allowing the user explore its potential 
through an attractive interface and operations. The software can be use efficiently, minimizing errors and increase 
user satisfaction, among others. This article focuses on studying the design and construction of a virtual laboratory 
through human interaction, to solve a problem through a virtual science lab. The student reads from his book 
Practice of Science, which outlines a task to perform. During the activity time, the student can interact with 
laboratory instruments. Even when following instructions, the student may overlook some details, which could lead 
to accidents or laboratory instruments damage. The result of the research includes an analysis of the construction of 
a virtual lab and the experience of users throughout their educational experience. 
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1. Introduction 
It is increasingly common for teachers to integrate the use of information technology in teaching courses with the 
goal of finding new ways to improve the classical teaching techniques, with the need to find tools that are flexible 
and able to withstand different learning scenarios. 
 
A common problem for many schools is to have the necessary equipment in their science labs because the spaces, 
the budget for maintenance and equipment is often limited. Within a constructivist-learning model with a multi 
perspective approach, it is necessary for students to have a scenario where they can perform activities of science and 
technology. Working in a science lab includes the creation of interactive content that stimulates development and 
provide practical knowledge. During interaction, cognitive processes that have an important role in the processes of 
building semantic emerge. 
 
The user models used in systems and devices in order to improve the human-information interaction can serve as a 
basis for developing strategies to find and use information in order to improve solutions to everyday problems that 
are significant. Usability into a platform refers to the interaction between software and users is related to attributes 
and characteristics, such as: ease of learning to use the software and explore its potential, the efficiency of use of the 
software minimizing errors, ease of navigation through the software screens and operations  
 
The method of heuristic evaluation was developed by Nielsen [1], it is to have a standard or guidelines of usability 
for the system analysis, the first version was proposed by Nielsen and Molich [2], then it emerged a version [3] but 
Nielsen [1] published an improved version technical usability. The guidelines defined for the heuristic evaluation is 
10 and is recommended to be five reviewers that apply the procedure [4, 5, 6, 7, 8]. 
 
This article focuses on studying the design and construction of a virtual laboratory through human interaction 
information to solve a problem from a virtual science lab. The student reads the practice from science book, which 
describes a task to perform. During the time of the activity, the student can interact with laboratory instruments. 
Even with the instructions, the student may neglect some details on how to solve the activity may cause an accident 
or damage laboratory instruments. 




There are several investigations related to learning using devices that allow interaction in 3D, but most focus on the 
development of tools or content, on the other hand, research concerning usability laboratories for effective design 
online courses is little or almost nil. 
This research is the original contribution usability to investigate the student faces to achieve learning goals during 
the interaction in the virtual lab. In developing educational applications, it is important to assess the quality of the 
interaction that takes the user to the interface because this depends on the objectives for which the application was 
design. To assess cognitive achievement that has to interact with the device is necessary to consider the following 
aspects. Lewis [7]: 
• Theoretical model in which the design is based 
• What are the skills related to the field of health are trying to teach 
• What would be the amount of time that would have opportunity to interact 
• To what extent virtual scenarios to simulate real situations  
• To what extent shows a knowledge gap and conduct before and after intervention 
235 Francisco Torres et al. /  Procedia Computer Science  75 ( 2015 )  233 – 238 
To develop an application that can ensure the above objectives the following plan of action will be taken: 
 
The application was develop using C# language with Unity as engine this allows us to add interactive content such 
as audio, video, text, 3d models, images and augmented reality tools. 
 
The content and format of application will be evaluated by a group of professors, with the objective to present an 
accurate, current and complete information. Each lesson will be exposed with several teaching resources, this allows 
easy interaction. (Fig. 1).  
 
To measure the quality of human computer interaction, heuristic evaluation (1990) was used, evaluating the 
following design factors: Visibility of system status, adequacy of the system and the real world, freedom and control 
by the user, consistency and standards, error prevention, recognition rather than recall, flexibility and efficiency in 
the use, static and minimalist design helps users and documentation. 
  
With the use of video games in education we create components simulating the real world in order that the user 
learns the rules at the time is interacting with the software recognizing the consequences and facing risk in real 
world. Video Games in education allow to practice and to simulate scenarios several times and allowing progress 
only if certain objectives are achieved in order to ensure the lesson was learned correctly. In order to evaluate if 
there is and advance in the lesson, different goals are setting to pass the level and the success will be measured by 
specifics criteria’s 
 
The virtual class start with the screen of the Index of each course, then, the student can go directly to the class or 
select free course option. 
 
 
Fig. 1 Class Instructions 
3. Methodology 
In this research for the secondary level chemistry class an interactive laboratory was developed using Unity 3D 
reproducing real equipment used in school labs, everything its created in 3D for a real situation. For usability 
evaluation questionnaire that explores the 10 points raised by Nielsen mentioned in the previous section, saturation 
responses and factor analysis was developed. 
Class starts when the student enters to the classroom and the teacher explain the process in order they can understand 
the vocabulary used increasing the understandable of each participant. For example turn of the PC, Open the program, 
connect the Oculus and the Kinect, etc. 
Once the student is in the room dedicated for the class, with the equipment in place the class can start, Fig. 2. The 
teacher gives introduction of the scheduled issue proceeds to give a theoretical explanation, then begins the practice in 
the virtual laboratory the group will form groups in order to participate in the class with feedbacks and support. 
Students will be able to move thru all the Virtual Laboratory to have a free choice to select the topic or to go directly 
for a specific subject, also will be able to interact with the real elements found in a Chemistry or Biology lab, once 
the topic is selected, the teacher is going to ask for specific actions in the class. For example in chemistry class the 
student need to mix chemicals to have an specific result and if the process is not completed correctly, teacher will be 
able to correct the student, none of this will possible with out a physical lab. Fig 2. 




Fig. 2.  Student before the practice & Oculus view 
 
While the student is interacting with others students the rest of the class will be able to watch what is happening in 
the session. The advantage and convenience with this method is that with a low budget students can have the same 















Fig. 3 Lab distribution 
4. Equipment requirements  
• The classroom should have a minimum space of 25 square meters and an optimum of 50 square meters.  
• Empty space of 3 x 3 square meters.  
• It must have an HD projector.  
• Augmented reality glasses oculus rift.  
• Kinect 2.0 device. 
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Fig. 4 Equipment
 
5. Evaluation and metrics: 
For this research two measurements were made with respect to the user experience in virtual laboratories, the first 
involved the construction of a method based on heuristic evaluation by Nilsen instrument and the second a 
questionnaire that explores the 10 points raised by Nielsen mentioned in the previous section through saturation 
responses and factor analysis. The instrument was performed three times, which allowed all its items were 
discriminatory. Responses were Likert scale show where you could qualify as follows: 
 
[5 =] Not usability problem. 
[4 =] minor problem: there needs to be fixed unless you have time to spare. 
[3 =] minor problem: fix is not very important. 
[2 =] serious problem: it is important to fix it. 
[1 =] Disaster: It is mandatory to fix 
 
In the different applications it explained what were the 10 categories and the vocabulary used in the instrument in 
order to be comprehensible to participants adapted. 
 
6. Results and discussion 
The experiment had a total of 20 participants who were divided into 11 men and 9 women. In the analysis of each of 
the dimensions of the platform it was evaluated using descriptive statistics and Cronbach's alpha used to validate the 
internal consistency 
 














 Mean Mean  
Dimension Men Women Alpha 
Visibility 3.7 4.1 .623 
Similitude 2.14 3 .741 
User Control 4.5 3.2 .775 
Error prevention 3.8 4.3 .748 
Preference 4.5 4.2 .796 
Flexibility 3.8 3.7 .684 
Aesthetic and 
minimalist design 
4.2 4.7 .850 
User help 1.3 1.8 .569 
Documentation 2.4 2.3 .631 
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Being above all scales 0 5 it can be deduced that the total size of the instrument has an acceptable degree of 
reliability. Therefore this allows a deeper exploratory study. We can see that across the board, the results between 
men and women, are similar. Consequently data not fluctuate much in each dimension, which means that the views 
were very similar. 
 
7. Conclusions 
The use of Kinect and Oculus in the project allows users (students) to control and interact with the virtual laboratory 
without physical contact, through a natural user interface that recognizes gestures, which were processed through a 
C # code giving the software position and movements within the laboratory to be represented virtually. 
 
One of the challenges experimented was to achieve Usability, that is a fundamental requirement for a tool of 
information technology to helps the user to achieve their goals in a successful manner [9,10]. In order to implement 
the use of an educational platform in a school must carefully evaluate their use, as it could become a workload, 
rather than a working tool. 
 
With the proposal of this instrument, we assess the interface without the use of experts, but still leaves the door open 
for further research on this line with the same methodology to different types of population and larger samples with 
different features, because this research only focused on a population of young students using the interface.  
 
Thanks to the results observed in student behaviour, could be consider the future of this research, to be extend to 
share experiences in remote group using the oculus cinema technology. 
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